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OF AMOHEL OF ATAILLESS FIGHTER AlRPL&KE EMPLOYING 

ALOW-ASPFXT-RATIO SWEPKSACKWING- 
STABILITY AND CONTROL 

By Willard G. Smith 

SUMMARY 

This report presents the results of a wind-tunnel investigation of 
the static stability snd control characteristics of a model of a fighter 
airplane employtng a low-aspectiatio swept-shack wing with trailing- 
edge elevens, a swept-back vertical tail, but no horizontal t&l. The 
investigation was conducted over a Mach nuaiber range of 0.60 to 0.90 
and 1.20 to 1.70, at constant Reynolds numbers of 2.0 million for the 
stability tests and 3.2 million for the control effectiveness tests. 
All r8SultS are presented in tabular form and typical data ~3x8 pre- 
sented in graphic form as well. 

The results indicate that, for the test conditions at which the 
investigation was conducted, the model, with elevens undeflected, was 
longitudinally and directionally stable. Sufficient control effective- 
ness was provided by the trailing-edge elevens to permit longitudinal 
balance of the model to a lift coefficient of 0.44 at a Mach number of 
0.90, and to lift coefficients of 0.25 snd 0.11 at Machnumbers of 1.20 
and 1.70, respectively. With the rudder deflected 80 sad the model at 
sn angle of attack of -0.5O, the results indicate that the model will 
have sufficient directional control to maintain Bideslip angles of 3.6O 
at 0.90 Mach number snd 2.j" at 1.40 Mach number. 

INTROIXJCTION 

The stakfUty and control effectiveness chsracteristics of aircraft 
flying at high subsonic and supersonfc speeds are of paramount impor- 
tance in the design of present-day fighter aircraft. A wind-tunnel 
investigation has recently been conducted in the Ames f% by 6-foot 
supersonic wind tunnel to study the stability end control characteristics 
of a particulsr big&speed fighter model. 
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The model had a low--asgsct-ratio swept&ack wing and a swept-back 
vertical tail. Two wing plan forms (the basic wing with rounded tips 
and a modified wing with triangular tips) were tested in the static 
lon@;ltudinal stability investigation. The model had no horizontal tail, 
longitudinal control being obtained with trailing-edge elevens. The 
control effectiveness for full-span constant-chord elevens on the basic- 
wing model wss investigated through a Mach number range of 0.6C to 1.70. 
A limited study was also made of the effectiveness of elevens extending 
over approximately the outboard half of the wing panels. Rudder effec- 
tiveness wan determined for the basic model at 0.90 and 1.40 Mach 
numbers. 

NOTATION 

Force coefficients are referred to the wind axes. Moment coef- 
fdcients are referred to the stability axes, with the origin on the 
fuselage longitudinal axis at the lateral projection of the quarter- 
chord point of the mean aerodynamic chord; In those tests where 
yawing-moment coefficients were not measured, rolling-moment coef- 
ficients are referred to the fuselage longitudinal axis. 

b wing span, feet 

C local'wing chord measured parallel to wing plane of symmetry, 
feet 

wing mean aerodynemfc chord , feet 

9 free-stream dynsmic pressure, pounds per square foot 

drag coefficfent drag 
( J qs 

CL 

CC 

lift coefficient lifti 
( ) ss 

cross-wind-f-c8 coefficient 
( 

cross-wind force 
ss > 

ch hing-oment coefffcient hinge moment 
%M, 
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rollingaoment coefficient rolling moment 
@b > 

pitching*mnt coefficient 
( 

pitching moment 
qsa > 

yawing-mament coefficient yawing moment 
Mb > 

rate of change of yawing-moment coefficient with angle of 
sideslip, per degree 

rate of change of roUing+noment coefficient with sngle of 
sideslip, per degree 

rate of change of lift coefficient with elevon deflection, 
measured at zero elevon deflection, per degree 

rate of chsnge of rolling-oment coefficient with eleven 
deflection, measured at zero eleven deflection, per degree 

rate of change of pitchLng+noment coefficient with eleven 
deflection, measured at zero elevon deflection, per degree 

rate of change of cross--xindAorce coefficient with rudder 
deflection, measured at zero rudder deflection, per degree 

rate of chsnge of yawing+noment coefficient with rudder deflec- 
tion, measured at zero rudder deflection, per degree 

slope of the lift curve measured at zero lift, per degree 

slope of the pitchingament curve measured at zero lift 

liftdrag ratio 

maximum lift-drag ratio 

M free-stream Mach number 

Ma. first moment of area of control surface aft of Hnge line, 
feet cubed 
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R. Reynolds number based on wing mean aerodynamic chord 

S total projected wing area, including area formed by extending 
leading and trailing edges to model plane of symmetry, 
square feet 

Y spanwise distance from plane of symmetry, feet 

u angle of attack of fuselage longitudinal axis, degrees 

B angle of sideslip of fuselage longitudinal axis, degrees 

6 angle of deflection of control surface (angle between wing 
chord or vertical-tail chord and control chord), measured 
in a plane perpendicular to the control+urface hinge line, 
degrees 

Subscripts 

e combined inboard and outboard elevens 

&I inboard elevorn 

80 outboard elevcm 

r rudder 

a total differential eleven deflection, degrees 

APPARATUS 

Wind Tunnel and Equipment 

This investigation was conducted in the Ames &by &foot super- 
sonic wind tunnel. This wind tunnel is a closed-throat, variable- 
pressure wind tunnel in which the stagnation pressure and the Mach num- 
ber can be continuously varied. The stagnation pressure can be varied 
from 2 to 17 pounds per square inch absolute and the Mach number can be 
varied from 0.60 to 0.90 and from 1.15 to 2.00. Further information 
regarding this wind turnel is presented in reference 1. 

The model w& mounted on a sting having a dismeter which was 
64 percent .of the diameter of the base of the model. The sting support 
system allowed the model angle of attack to be varied continuously 
from.-12.5° to 22.50. 

-4 

. 
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The aerodynsmic forces and moments were measured by a four- 
component electrical strain-gage balqce'meunted in the body of the 
model. The balance is similar to that used in reference 2. The 
forces snd moments were registered by recording-type galvanometers 
calibrated by applying lmown loads to the balsnce. 

A model of a hi-peed fighter airplane (fig. 1) having a low- 
aspect--ratio, swept&ack wing, swept-back vertical tail, snd no hori- 
zontal tail wss used in this investigation. Prov%3ions were made for 
altering the plan form of the basic wing of the mcdelby the sddition 
of trisngular wing tips. These extended tips had a constant section 
thiclmess of 4.5 percent. A three-view drawing of the basic+ing model 
and the model with the modified wing is shown in figure 2. 

. 

The basic wing had a modified trapezoidal plan formwith a 51Z.5~ 
leadingddge sweep angle and a taper ratio of 0.332. The modification 
ccmsisted of rounding the wing tipB to fair into the leading and trail- 
ing edges (see fig. 3). The wing was colnposed of symmetrical sections 
having a thictiess of 7.0 percent of the chord (streamwise) at the wing 
root and tapering to 4.5 percent of the chord (streemwise) at the theo- 
retical tip. (See table I for wing-section coordinates.) These sec- 
tions were modified somewhat to fair into the trailing-edge elevens 

e which were flat Bided. 

The movable control surfaces on the model consisted of constent- 
chord trailin-ge elevens, each divided into two spanwise Bewnts, 
and a constent-percent-chord rudder (fige. 3 and 4). The control sur- 
faces on one wing panel and the rudder were restrained by beems fitted 
with electrical st;rain gages for measuring the control hinge moments. 

The model was fltted with inlets hazsed in wing4ody fairings with 
internal ducts allowing the air to flow through and exhaust at the rear 
of the fuselage. In this investigation, the mess flow of air through 
the ducts was not adjustable; however, the ducts were constructed so 
that at supersanic speed the exit was choked, limiting the inlet Mach 
number to 0.4. 

In order to accommodate the annular duct exit and the mounting 
sting, the boattailing on the model was somewhat less than would be 
expected on a full-scale airplane. 

A conventi- canopy was used on the model with a dorsal fin 
extending from the csnopy to the leading edge of the vertical tail. 

. 
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Provisions were made for testing the model without the vertical tail 
but with the dorsal fin faired into the body. Table II presents the 
coordinates for thevertical-tail sections. 

TESTS ANTI PRo(IEmum 

The aerodynamic characteristics of both the basicding and malified- 
wing models were determined with control surfaces undeflected. Lift, 
drag, pitching-moment, and roUing+oment data were obtained through an 
angle-of--attack range of approximately -3O to +32O at Mach numbers of 
0.60, 0.80, 0.90, 1.20, 1.35, and 1.70. Tests of both models were con- 
ducted at a constant Reynolds number of 2.0 million based on the mean 
aerodynamic chord of the basic wing (1.8 million based on the mean aero- 
dynamic chord of tba_modified wing).l In the longitudinal stability 
phase of the investigation, the m&e1 was mounted with the wings verti- 
cal in the wind tunnel to utilize the most favorable stream conditions 
(reference 1). 

The longitudinal control effectiveness of the elevcms was investi- 
gated for the basic-wing configuration only. Tests of the model were 
conducted with the elevens on the right wing panel deflected. Incre- 
ments of lift, drag, and pitching moment due to control deflection on 
the one wing panel were doubled and added to the corresponding values 
for the model with undeflected controls. In-this manner pitching- 
moment and rolling-moment data were obtained simultaneously, thus reduc- 
ing the number of tests required. The validity of this procedure was 
checked by testing the model through the speed range of the investiga, 
tion with the elevens on both wing panels deflected. Results of these 
two methods were in excellent agreement. With the combined inboard and 
outboard elevons deflected throu& a range of 30 to 400, lift, drag, 
pitching-moment, rolling-mament,and hinge-moment data were obtained for 
an engle-ofattack range of approximately -3O to l2O at Mach numbers 
of 0.60, 0.80, 0.90, 1.20, 1.35, and 1.70 and a constant Reynolds nun+ 
ber of 3.2 million. Similar data were obtained at Mach numbers of 0.90 
and 1.20 with the outboard control surface alone deflected through a 
range of O" to 15O. 

'The results of preliminary tests of the basic-wing model at Reynolds 
numbere of 1.0 to 4.0 million at supersonic speeds and 2.0 and 3.2 
million at subsonic speeds indicate that, within this range, Reynolds 
number variation had no significant effect on the aerodynamic charac- 
teristics of the model with controls undeflected. The effects of 
Reynolds number variation on eleven and rudder effectiveness, however, 
were not investigated. 
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The lateral stability characteristics and rudder effectiveness of 
the basicaing model were investigated with the elevens undeflected. 
The model was mounted with the wings horizontal in the tunnel, and the 
angle of sideslip was varied at preset angles of attack. With the rud- 
der deflected through a range of 0' to 8O, cross+ird-force, yawing- 
moment, rolling-moment,end rudder hinge-moment data were obtained through 
an angle--of-sideslip range of 5O to -50 at'4.5O, 5.1°, arki 10.5O angles 
of attack. Corresponding data were obtained under similar test condi- 
tions for the model with the vertical teil removed. The lateral stabil- 
ity end rudder effectiveness phase of the investigation was conducted 
at Mach numbers of 0.90 end 1.40 and at a constant Reynolds number of 
3.2 million. 

A tabulation of the test conditions is presented in table III. 

Reduction of Data 

The test data have been reduced to the standard RACA coefficient 
form based on the total projected wing area of the ~propriate model 
configuration, including the area in the region formed by extending the 
leading and trailing edges to the place of syunnetry. Factors which 
could affect the accuracy of these results and the corrections applied 
are discussed in the following paragraphs. 

Angles of attack and sideslip.- The determination of the actual 
angles of attack or sideslip of the model under load required that 
several corrections (determined from static calibrations) be applied to 
the nominal angle. Corrections of from 5 to 10 percent of the nominal 
angle were applied for the angular deflection of the sting and balance 
under aerodynamic load end for the angular movement due to structural 
clearances in the m&e1 support and balance. 

Control-surface deflections, A correction was applied to the 
nominal control-surface deflection angle for the deflection under load 
as determined frcau the static calibrations. The maximum correction 
amounted to about 3 percent of the nominal deflectian engle. The 
results presented herein are for the corrected control deflectian angles 
except in the figure showing variation of lateral stability characteris- 
tics with sideslip angle at various nominal rudder deflection angles. 

Ll?unnel-wall interference.- Corrections to the data for the effects 
of the tunnel walls at subsonic speeds were made by the method of refer- 
ence 3. The reflected bow wave did not intersect ths model and so no 
corrections were made at supersonic Mach numbers. These corrections, 
which were added to the data, were as follows: 
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cur = 0.377 CL 

& .= 0.0066 cL2 

At subsonic speeds the effects of constriction of the flow due to 
the presence of the model were taken into account by the method of 
reference 4. This correction was calculated for conditions at zero 
angle of attack and was applied through the angle-of-attack range. At 
a Mach number of 0.90, this correction amounted to a l+ercent increase 
in Mach number and dynamic pressure over that determined from a celibreG 
tion of the wind tunnel without amoiel in place. 

Support interference.- The effects of support interference were 
believed to consist primarily of a change of pressure at the base of 
the model. A base+ressure correction was applied to adjust the pres- 
sure at the base of the model to fre-tream static pressure. Thebase 
area used in this correction was the entire base area less the duct 
exit area. Drag values are, therefore, forebody drag coefficients. It 
was assumed, on the basis of information contained in reference 5, that 
the effect of sting&cxly interference on the forebody drag was negligible. 

Stream variatlons.- Tests of the model were made at subsonic and 
supersonic speeds, in upright end inverted attitudes. Results of these 
tests showed no measurable effects of stream angle or stream curvature 
in the horizontal plane of the wind tunnel. Stream surveys conducted 
in the Ames &-by &foot supersanic wind tunnel (reference 1) show some 
curvature in the vertical plane of the wind tunnel, but the results of 
a pre~lous investigation (reference 6) indicate that this curvature had 
little effect on the longitudinal stability characteristics of the model 
when pitched in the horizontal plane. For ths lateral stability tests, 
the mole1 was mounted with its wings horizontal so that it yawed in the 
plane of least stream curvature. No attempt was made to determine the 
effects of the stre am-angle variation in the vertical plane of the wind 
tunnel on the lateral directional data. The data obtained showed a small 
effect of stream angle on the rolling moment due to sideslip and no 
effect on the yawing moment due to sideslip. 

Internal duct drag.- The model was equipped with twin ducts through 
whichair could flow. However, provisions were not made to vary the 
mass flow, so a study of the duct drag characteristics was not feasible 
in this investigation. The drag data presented herein are for the com- 
plete model;' that is, the drag due to flow through the ducts has not 
been subtracted from the final coefficients. 
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Precision of Data 

. 
The accuracy of the test results, excluding stream effects, is 

shown by the repeatability of. the data in those cases where test condi- 
tions were duplicated in several tests. An interim of three months 
elapsed between tests during which the model and balance were disas- 
sembled. The effects of changes in clearance or alinement in the model 
and balance determine to a large extent the precision of these data. 
Examination of the results showed the data to be repeatable within the 
accuracy shown in the following table: 

&uastity 

CD 
CL 
Cm 
cz 
Cn 
CC 

ch 
M 
R 
a 
s 

Accuracy 

CL =o CL = 0.4 

+0.001 +o. 002 
k.003 *.005 
+.001 +.001 
f. 000-7 k.0017 
+.001 f.OO1 
k.003 *.005 
k.008 a.013 
a.03 k.03 
k.03 x106 *.03 x 106 
f.10 *.15 
f.25 k.35 

RESULTS AND DISCUSSION 

All the results of the investigation are conteined in table IV. 
Brief discussions are presented of the longitudinal stability charac- 
teristics, the longitudinal control effectiveness, end the laterel 
stability characteristics and rudder effectiveness in the following 
m=a@TaP~ l Typical data, pertinent to the discussion, are presented 
in the figures. 

Longitudinal stability characteristics.- Lift coefficient as a 
function of angle of attack, and the variation of drag end pitching- 
moment coefficients with lift coefficient are presented in figure 5 
for the basic--wing and modified--wing configurations with elevens unde- 
fleeted at Mach numbers of 0.90, 1.20, end 1.70. Both configurations 
were longitudinelly stable up to a lift coefficient of 0.5 throughout 
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the Mach nuniber range of the investigation. The variation of pitching- 
moment coefficient with lift coefficient for the basic-wing model 
(fig. 5), althou& linear at 1.70 Mach number, exhibited a slight non- 
linearity at 1.20 Mach number, andwas markedlynonlinear at aMachnum- 
ber of 0.90. The stability of.the basic-wing model (dCm/dCL) increased 
frcan 0.04 at zero lift coefficient to 0.16 at a lift coefficient of 0.30 
at a Mach number of 0.90. With the addition of triangular wing tips 
(modified wing), the stability remained nearly constant with increasing 
lift coefficient up to a lift coefficient of 0.30 at a Mach number of 
0.90. Thus this increase in stability with increasing lift coefficient 
for the basic-wing model appears to be a plan form effect. This obser- 
vation is substantiated by comparison of the results of an investigs 
tion of the pitching+noment cheracteristics of a plane trisngular wing 
of aspect ratio 4 (reference 7) with the results of a later investiga- 
tion (as yet unpublished) of the same wing with the tips cut off. 

A sumwry of the aerodynamic characteristics of the two configura- 
tions, as a function of Mach number, is shown in figure 6. The differ- 
ence in static margin at zero lift shown by the two plan forms of this 
investigation (fig. 6) decreased with increasing supersonic Mach numbers. 
It is evident from examination of figures 5 and 6 tha.t the basic+ing 
model exhibited a greater change of stability with increasing lift 
coefficient at subscmic speeds end a greater change of stability (at 
zero lift) with Mach number than did the mcdified-wing model. 

Longitudinal ccmtrol effectiveness.- The longitudinal control 
effectiveness investigation was conducted for the basic-ving configura- 
tion with the control surfaces shown in figure 3. As noted previously, 
the control surfaces on only one wing panel were deflected and the 
increments of lift, drag, and pitching moment due to the control deflec- 
tion were doubled. 

The relationships of lift coefficients to angle of attack, control- 
surface deflectian, and drag coefficient for the airplane balanced with 
the combined control surfaces and with the outboard elevens alone are 
shown in figure 7. These data indicate that, for the elevon deflection 
range of this investigation,the combined elevens would be capable of 
balancing the airplane (center of gravity at 0.25 F) to a lift coeffi- 
cient of 0.44 at a Mach number of 0.90, and to lift coefficients of 0.25 
and 0.11 at Mach nuuibers of 1.20 and 1.70, respectively. 

A limited study of the control characteristics with only the out- 
board elevens deflected shows that these elevens will balance the model 
to lift coefficients of 0.31 and 0.'14 at Mach numbers of 0.90 and 1.20, 
respectively, but at the cost of considerably greater control deflec- 
tions end consequently higher drag than with the combined control 
surfaces. 
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Examination of figure 7 reveals a decrease in the rate of change 
of balance lift coefficient with control deflection at 0.90 Mach number 
for both the combined elevons and the outboard elevens beginning at a 
lift coefficient of about 0.10. This apparent decrease in effective- 
ness coincides with the increase in stability with increasing lift coef- 
ficient discussed previously, .and so appears to be the result of the 
inherent stability characteristics of the wing. Similar gradual 
decreases in control effectiveness at 1.20 and 1.70 Mach numbers are 
also presumed to be due to the increases in stability with lift coeffi- 
cient. The variations with Mach number of elevon lift, pitching-moment, 
and rolling+moment effectiveness for the combined elevens deflected are 
presented in figure 8. It should be noted that the values of rolling- 
moment effectiveness shown are those for the elevon deflected on one 
wing only, while the lift and pitching+uoment effectiveness values are 
for deflection of the elevon on both wings. 

. 

The stick-free stability of the airplane at 0.90 and 1.20 Mach 
numbers is illustrated in figure 9 for the combined elevens free and for 
only the outboard elevens free. The stick-fixed stability curves, for 
the model with elevens fixed at zero deflection, ere also shown for com- 
perison. It is of interest to note that for a Mach number of 0.90, the 
model exhibited a greater stability stick free than stick fixed, below 
a lift coefficient of 0.10. An explanation for this greater stability 
at low lift coefficients with the elevens free can be found in the tabu- 
lated hinge+noment data (table rV) which show that the elevons float 
downward with increasing engle of attack for angles of attack up to 8O. 
The stick-free neutral points for the model with the combined elevens 
free are located at 32 and 41 percent of the meen aerodynamic chord at 
Mach numbers of 0.90 and 1.20, respectively. With the inboard elevens 
fixed and outboard elevons free, the neutral points are at 33 and 42 per- 
cent of the mean aerdynamic chord at Mach numbers of 0.90 and 1.20, 
respectively. 

Lateral stabilitv characteristics and rudder effectiveness.- The 
variations of rolling+noment, yawing-monaent, and crosswind-force coef- 
ficients with sideslip angle for the basic--wing model with zero elevon 
deflection at 0.90 and 1.40 Mach number are shown in figure 10 for 
angles of attack of -0.5O and 5. lo. Also shown in figure 10 are data 
for an angle of attack of 10.5qobtained at Mach n-tmfbers of 0.80 
and 1.40. Since the data in figure 10 revealed nonlinearities in the 
variations of yawing-moment and rolling-moment coefficients with side- 
slip angle, the variations of lateral stability characteristics with 
angle of attack (fig. 11) are presented for both zero sideslip end a 
sideslip angle of 2O. Examination of figures 10 and XL indicates that 
the model was directionally stable through the angle--of--attack and 
engle~f~ideslip ranges of the investigation and exhibited a positive 
dihedral effect at the positive angles of attack. 
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The effectiveness of the rudder in directionally controlling the 
model was investigated for the same range of test conditions as were 
the lateral stability characteristics of the model with controls unde- 
fleeted. Cross-wind-force, yawing+.noment, r.olling-mcnnent, and rudder- 
hinge-moment data were obtained at rudder deflections of O" to 8O and 
with the vertical tail removed. Results of these tests, with the excep- 
tion of rudder-hinge-moment data, are shown in figure 10 only for the 
model with O" and 8O-of rudder deflection since the variations of lat- 
eral stability characteristics with rudder deflection angle were found 
to be linear for the range of rudder deflections tested. The model was 
capable of maintaining sideslip angles of 3.6O and 2.3O at 0.90 and 1.40 
Mach numbers, respectively, with the rudder deflected 8O at en angle of 
attack of -0.5'. The veriatian of rudder effectiveness with angle of 
attack is shown in figure 12. 

The variation of elevon-rolling-moment effectiveness with sideslip 
angle was not investigated. However, a camparison of the maximum 
recorded rolling moment due to combined angles of attack and sideslip 
with the elevon-rolling-moment effectiveness obtained at zero sideslip 
provides some indication of the ability of the elevens to balance the 
model in roll at angles of sideslip. It will be noted, from the data 
presented in figure 10, that the maximum rolling moments obtained for 
the model with control surfaces undeflected occurred at an angle of 
sideslip of 5O and a nominal angle of attack of 5’ for both 0.90 and 1.40 
Mach numbers. By ccmparison of these values of rolling4oment coeffi- 
cient with the data presented in table IV, for the elevonqolling+noment 
effectiveness at zero sideslip angle, it is apparent that these rolling- 
moment coefficients are of approximately the same magnitude es those 
produced by a go total differential deflection of the combined elevens 
at 5O angle of attack at a Mach nu&erof 0.90, and a 14' total differ- 
ential elevon deflection at 5O angle of attack at a Mach number of 1.40. 

CONCLUSIONS 

A brief analysis of the results of this investigation indicated 
that the following observations are worthy of note: 

1. Both the basic-wing (rounded wing tips) and the modified-wing 
(triangular wing tips) models with elevons undeflected were longitudi- 
nally stable, through the Mach rnmiber renge for which data were obtained, 
to lift coefficients beyond those to which the elevens were capable of 
balancing the basic-uing model at the maximum eleven deflecticrns 
considered. 
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. 2. The modified-sring model (triangular wing tips) exhibited a 
smaller change of stability with increasing lift coefficient and with 
increasing Mach number than did the basic-wing model. 

7 
3. At the max%mm~ eleven deflection angles for which data were 

obtained, the c&ibined elevons provided sufficient longitudinal control 
to balance the airplane to a lift coefficient of 0.44 at a Mach number 
of 0.90, and to lift coefficients of 0.25 and 0.11 at Mach nuuLbers of 
1.20 and 1.70, respectively. With only the outboard elevens deflectedi 
the longitudinal control was somewhat less, but would be sufficient to 
balance the model to lift coefficients of 0.31 and 0.14 at Mach numbers 
of 0.90 and 1.20, respectively. 

4. The basic+ing model was laterally and directionally stable 
through a namdnal angle-of-attack range of O" to IO0 at Mach numbers 
of 0.90 end 1.40. 

5. The model was capable of maintaining sideslip angles of 3.6O 
and 2.3O at Mach numbers of 0.90 and X.40, respectively, with the rudder 
deflected 80 and at a -0,5O angle of attack. 

Ames Aeronautical L&oratory 
National Advisory Committee for Aeronautics 

Moffett Field, Calif. 
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TABLEi I.- WING SECTION COOFIDlXATES 

[Coordinates given An percent of local chord, measured parallel 
to plane of +mmetry] 

Wing-root section 
NAcA ooo7-63/3o-9.5’ mod. 

Wing-tip section 
NACA Oo04.5-63/30-6.6° mod. 

Station Ordinate Station Ordinate Station Ordinate Station Ordinate 

0 l 0 42.5 _ 3.452 0 0 42.5 2.250 
.l .325 45= ;*$i .l .209 45 
:t .458 47.5 

1: .w .643 z-5 $z$ 

:24 .294 47.5 
.413 

3:178 
:: .504 z5 

.gol 55 .579 

1.0 
1.003 57.5 

3.084 1 .645 z.* 1.2 1.095 
z.5 

2.978 1.2 .704 60 1 
1.6 1.255 2.857 1.6 0807 62.5 2.234 
2 1.394 65 2.723 2 9896 65 2.189 
2.5 I.547 67.5 2.576 2.5 0994 67.5 2.122 
z 1.681 g.5 2.417 

1.914 2.247 
z 1.081 2.034 

1.230 g.5 1.930 
7.5 2.110 2.494 

5.5 82.5 

2.067 ;*5 1.6o4 1.356 75. 1.8~ 
1.877 

z.5 
1.679 

2.779 1.681 
2.994 

10 12.5 1.786 Em5 1.536 
1.478 1.925 82.5 

15. 
1.383 

3.158 85 1.272 15 2.030 85 1.220 
17.5 3.281 87.5 1.065 17.5 2.109 87.5 
20. 

1.048 
3.37l g-5 .858 $a5 2.167 z.5 .869 22.5 

25. 
;=g .650 

25' 2.207 ,443 .683 
27.5 3:494 z.5 .236 27-5 2.232 2.246 z-5 .49_1 
g.5 3.500 loo 0 2.250 100 0 -292 

3.499 

;::, 

35 
37=5 
40 396 3:475 $5 I 

L.E. radius: 0.539 percent chord 
l?.E. radius: 0.032 percent chord 

L.E. ratius: 0.223 percent chord 
T.E. radius: 0.095 percent chord 

I - 
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TABLE II.- VERTICAL TAIL SECTION COORDINATES 

[Coordinates given in percent of local chord, measured 
parallel to the fuselage longitudinal axis] 

Root section 
NACA ooo8-63/3o-go 

Station Ordinate 

0.1 Q.3P 
:2 0523 

Tip section 
NACA OO06-63/30-6°45t 

Statfon Ordinate 

0.1 
.2 

Q-J79 
.392 

:: :g .8 :64 
.551 
-672 

1.029 .TP 
1.0 1.146 1.0 .860 
2 1.593 2 1.195 
2 1.922 z 1.441 

2.187 1.641 
5 2.411 5 1.808 

10 z-:: 10 2.382 
15 
20 3:852 

15 2.707 
20 2.889 

Go5 gg; 2.976 

E 3:981 

52 
3.000 

3.916 
z 2.992 

2.960 
z 45 2.893 
60 

3.800 3.627 
F5 2.784 

65 3.399 2.630 
3.118 

60 

;; 

2.431 
2.790 65 

H.L. 
2.192 

2.426 70 
99*923 2.039 H.L. 75 

1.921 

100 99.833 
1.631 

,077 .167 
0 100 0 

,.E. radius: 0.704 percent L.E. radius: 0.396 percent 
chord; rudder has flat sides chord 

!.E. rafiius: O.On percent T.E. radius: 0.167 percent 
chord chord 

v 
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TABLE III.- TEST CONDITIONS 

[33, basic model; LJ, triangular wing tip; eit inboard elevens; 
ear outboafd'elevon; V, vertical tatl; r, rudder] 

Test No. &ch No. Reynolds No. Configuration 
(million) 

6 
of model ei Eeo S, 

1 0.6 2.0 B 0 00 

2 .8 

z 1.2 99 

z 
l-35 
l-7 I 

ii 2 1.8 
1 

9 09 
10 

3.l 255 12 1.7 

:2 

I I 
13 3-2 B 
14 
2 1.2 -9 

17 1*35 
18 X.7 
19 
20 :E 

* ‘CI 
-20 -20 

21 -9 

22 ,1.2 
23 1.35 
24 1.7 II, 
25 

26 

:Fi -15 -15 

27 -9 
28 1.2 
29 1.35 

33: 1.7 .6 
I I' 
-8 -8 

E .8 l 9 

34 1.2 
;z 1.7 1.35 

11 
2; 5 -3 -3 

E 1.2 09 

1.35 

'2 9 \(r 
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Mach No. 

0.8 
l 9 

1.2 
1.35 
1.7 

:i 
-9 

1.2 
1.35 
1.7 

-9 
1.2 

-9 
1.2 

-9 
1.2 

-9 
1.4 

-9 
1.4 

-9 
1.4 

-9 
1.4 

.9 
1.4 

1:% 
-9 

1.4 
-9 

1.4 
-9 

1.4 
09 

1.4 
.8 

1.4 
.8 

1.4 ' 
.8 

1.4 
.8 

1.4 

TABLE III.- 
Reynolds No. 

(million) 
3.2 

:ONCLUDED 
Configuration 

of .odel m 
T 

V 
B-V 
B-V 

B 

I 
B-V 
B-V 

B 

I 
3-V 
B-V 

r i 5 =i 
0 

I 
3 

I 
0 

. 

L 

-- 
-- 

0 

:: 

i 
8 

-- 
-- 
0 

4" 
4 
8 
8 

LB 
L- 
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'J!ABLE IV.- AEEODTN4MIC CHARAC'WTSTICS OF A MODEL OF 
A HIGH-SPEED, T- FIGHTER AIRPLME 

(a). Tests I. throu& 9 

-i.o+ 
-.b 

.54 
l.O!S 
2.Ll 

64:: 
8.38 

10.46 
l2.23 

$ 
g 
i2 
G 
!z 
0 
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“:Z -0m17 -- ::g$s - 
“1% - -.a 0.97 
-.om -.oma 1.74 
4335 I:% yc$ 
- .ow 
4lrLg -.cmQ 5k-2 

-2635 2% ::g 

".cccj _""" 
:E -.mti-- 

-:Z 
".cull) ---- 
-.ca5 .* 

-.0x& -.col5 1.65 

~~~ ;:z& ;:z 

-La GE ::s 
-.U33 
-X39 -.tml 3:ya 

ml3 -.oml-- 
:% I:=-‘_ 

-.wn -mu - .76 
-.oua -,ml6 1.22 
-.u?48 -.!nzl 2.5l 
-.cm ~:~ kg 
- .om 

I 

-.cr#l -.oa4.2 hh 
-.lm -.ol46 LL5 
-.w -mu3 3.78 

1:'s -ml2 --- 
".aJlj ---- 

.m42 -.ool4 --- 
,oln -.alle ---- 

-.m2a "Llnl 2.l4 

1 , 
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TAFXE rv.- cmm 
(c) ‘Pests 3-J throuf3h 27 

.04y6 .oM. .mg6 -lwl -l&&l &al .3&i 
.oyy3-.olo4 .uQ2 "lg.26 -l&B1 .sEta .359fl 

3-i 
-.obl8 .ol$Q -lp.aB -lQQ .slfiy .3222 
-.om .m "lg.27 -&Leg .%2s 2lJ.a 

.l420-.ogn .ola 43.29 -l9.$ .3u5 .l3l4 

a470 .cu/l .azdc -l9.25-la.77 .32% .3 
.0$3-*old7 .ol.d+ -lg.i?pd8.a2 .3L54 lb . 

A I 

CD c, 01 %i %I0 chl cho 

‘.on74.@w o.o.lL% -l.g.sl “lg.04 0.2py9 0.2-m 
.wy6 -.ol44 .olo5-19. 5 "lp.28 .rqm 2073 
.I@ -.x04 .alD3 -I$). -19.64 .2379 -1027 L 

.ca -.m30 .m74 -19.32 -18.93 .2761 .cp3? 

.cg -.L?260 .a%8 -19.37 -1Q2 .2g2 '.24&T 

.c6 62 -.dw .a%2 -19.40 -19.36 2420 .1m 

.@I-.0666 .myf -I#@-19.9 .mt2 Al53 

.w -.03@ .m53 39.M -19.70 .16oB .caq 

.oW .03'78 .o.l& -14.79 -14.76 .1&d :z; 

.oM ~$7 .o@ -14.60 -14.76 .~b 
f .om .0275 .m -14.81 4:.lJ .lg 'Ilo& 

*am Al79 .olJ53 -14.c 
.0$83 .wJ 

*%I 
-l4.& "ia2 :ug :cee6 

.r&?l-.olm . -14.84"14.94 .l.l03 .mgl 

.u61 -.c@l .cup -ll.@ -l5.c!4 .lde -.ol&/ 

.17ti -.c232 al47 -14.91 -15.06 .aslp -.a?72 

.m3 -.o 54 .oyJ7 -14.g -1y.oy .olm -.a6 

.a37 -.& .oly -lp%? -19.9) -.02u -.a?45 

.om .0376 .oM -14.67 -14.65 .~gm .QS~ 

.ti3 ,033~ .a43 -14.69 -lb.@ .1791 .&4 

.auo s&g .olk "l4.71"14.66 .lQ!Ll :g 

.MB .olo3 ..014 -14.73 -14.69 .l 

:3 
-.cc64 .o& -14.74 -14.&l .P .l 'I .0@3 
-.cm5 .ol3 44.7s -14.95 .x534 .Ol$q 

E 
Li 
$ 
0 

. . . . 
: 

. . . . 
. . . . . 

. 
..:.. 

. . . 
: : 
. . 
. . . . . 

. . . 
: 
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TABLE! IV.- CoNTIm 
(a) Tests 28 through 36 

: . 
.a..: c-lx--F 

l.Ouo -14.39 -13.92 0.282l 0.3358 4 
.Olcg -14.42 -13.97 .m .3222 
.olol -14.b8 -14.03 .23% .m 
.C&X -14.50 -14.U .m .27&Z 
.o%, ah.52 -14.43 .ayX3 ~760 
.ccq3 -1jLg4 -14.70 .a%9 a919 

.a379 -14.42 -13.96 .2558 .3u% 

.m -14.44 -13.97 .243b .p70 33 

.0076 -14.50 -14.04 ago 2847 

.oom -14.54 -14.23 .m2 .2z93 

.cq8 -14.59 ah.67 .178B .lW 

.c& -14.m -14.17 ii63 .21yg 
aye -1S.y -1h.a .WI .w 

t 

I 
I 
1 
I 

I 

l 
. . : 
. . . 
. . . . . I.023 o.obl.o 0.0193 

.o% .0423 .ol%a 

.w .om -.OlEc? 
4; AE~ -.ok& 

.yp3 :1417 ::1ckl 

:...i . 
. 

: : . . . . . 
.oxl a418 al.26 

:g :gK:g.i 
al& .m& yt53~ 

. . 

. 

. . . . . 

. . 

c*: i 
j: l 

.od?6 
-0075 
.wE 
.0072 

:Z .cc& 

.9 

::g 
4.40 
6.72 
a.&2 
1.01 

.olp .wjc 

.ol32 .ozzl 

.olb6 .0170 

.og33 *cc%. 

:% --%g 
x03 ::0)44 

-:% 
:Z 
1% . 

I 
. : . . . .*. : : 

l . . 

. . . . . 

. 
: . 

.% 
1.12 
2.22 

i$ 

-57 
1.12 
2.21 
4.35 
-5.50 

.032 

.oh 

:g 
.366 

.al -1.90 -7.90 .oti .w7 

.lx&? -7.93 -7.89 .om .oti, 

ZJJ %!I ;g ;fZ gy 33 

.c&Jfj :7:93. -ah :045c :cQll 
:s I 1;;; : p; 

i 

1% 11% 
.msg '"8.04.-8.16~.0314 -.cm 35 
.ma7'. -8:op '-8.16 -A89 -.mTI 
.mz@ -f&13! -8.17 -.ow -.a3lo 

-7.65 ~671 .03!+ 

.mjj 

.WP 

.wJ 
m35 

,2-p .02-p -.Lreb 

* l 
. . . 

. . . . . 
. 

. . . . . 

. . . . 
. 
. 

. . . . 

-7.72 ml5 .mJ 
-7.87 d.69 A377 

.* 
1.08 
2.15. 

it:: 

.ou 

.037 

.cfb?. 

.170 
257 



TABLE IV.- CONTINUED 
(e) Teste 37 through 45 

4.32 .l85 I I 6.47 .3W 

“3 1.09 
2.20 
4.40 
6.61 8.82 1.00 
.3.15 
:5:;3 
-:$ 
1.10 
2.23 

64:; 
8.N 

-J -:$ 
1.10 

-.034 
.a10 
.036 

:Z 
' .337 
I 1:; 
I .660 

:g 
-.039 
.007 
ml 

:g 

. & 
0 5 

-.W 
.022 
.047 

1 .oll4 .cK%l 
.Ola8 .c&g 
All3 .tio 
.ozg .a126 
.0197 -Am57 
.03a4 -.a178 
me& -.0&3& 
.1558 ::cfw-l 
:Eg ::8!3$ 
.oLLp .0106 
.ollo .wyg 
.oll5 .oo 

P .ol34 .003 
.0225-.OOeJ 
:w& -.03& 

-. 
.0359 .osL7 

I 
.0357 .0035 .o@o -.WlO 

.Oce4 -2.95 -2.94 

.ocQ4 -2.B -2.94 
A034 -2.95 -2&d 
A032 -2.97 -3.03 
.0ce8 -2.93 -3.1.7 
.OO$ -3.1% -3.21 
:i%$ :$Z- :i:g 
.cce5 -2.g4 -2.g6 
.w26 -2.93 -2.g5 

~ .0025 -2.93 -2.94 
' .OS3 -2.93 -2.94 

.01X3 -2.93 -2.94 
a035 4.92 -3.00 
.00’1’+ -2.95 -3.13 
.am -2.84 -2.68 

.a282 

.0305 

.0318 :Eg .02% 

.Olja 

gj 

.a%2 

.0339 

.0339 

.0339 

.0338 
-0382 
.CW 
A723 
A616 
.vH 

G- 
.0207 
:E$ 
.0242 
.ow 
.Olgo 
.cm 
.0449 

2% 
.w9 
. 10% 
.log4 

.0186 

.a207 

.@z7 

.cQ34 

:E$ 
.ol30 

::g 

:g% 

-0v9 
::2 
.=3 

:% 
.W 
LQ65 

- 
!ert 
IO. 
40 

4.l 

4.2 

43 

44 

45 

a CL 

2.21 o.lo8 
4.37 ,238 

2.m .I.05 
4.34 ,222 

-.52 -.Ol2 
.53, .ol8 

1.07 .040 
2.15 ,087 
4.26 .I.75 

-. 54 -.017 
. 54 .oa 

l.08 .052 
2.17 .lO3 

2.22 .w 

23 .023 
1.u. .053 
2.25 3rd 

3.l 

.0380 

.0490 

.0366 

.0366 

.0370 

.0757 

.w 
X69 
.0365 
a!-@ 
.Q390 
a479 

a.51 
mol.13 
.ol.o7 
.0106 
.OllO 
.0122 

.Ol66 

.oll4 

.Ol@ 

.OlO8 

.OlU 

.OUO 

.OllM 

.OUB 

.OU.O 

.OU.O 

.OW 

.0137 

.OloO .CG.O -2.84 -2.73 .WC6 .0817 
X014 .OW8 -2.67 -2.75 .O!Tf'5 A752 

-.0032 .wO6 -2.M -2.76 .O!Bg .0725 
-.0152 a004 -2.92 -2.78 .0351 .06po 
-.OU7 A004 -2.98 -2.83 .0046 .Ob@ 

A073 .0003 -2.87 -2.78 .0542 .0652 
-.ooj8 .ooo2- -2.89 -2.80 a450 .0583 
-.COgO .ooO2 -2.91 -2.82 .03% A527 
-.ol!?f~ -.OoOl -2.94 -2.87 .02kl .0363 
-.0405 ".m5'-3m -2.99 0 .w25 
A037 -.cag ----- -.Ol --" -A053 

-.0014. -.wl6 ----- 0 "_I_" -.fJrj@g 
-x025 -.~a14 ----- 0 ---- .a~8 
-.0036 -ml4 ----- o -3-1- .0@4 
-.ooyrl -.0014 ----- .Ol --- .004l 
-.cql-.a015 ----- .Ol ----- ,ooyo 

.txyJ4-.colE 0 -.02 -xl035 -.w80 
-.0013 -m16 o o 
-.ooM -ml14 0 0 ::E2 -%z 
-.w44 -ml5 ----- .Ol ----- :033 
-.cQ50 -.m15 -"-I" .Ol ----3 &I53 
-.0061 -A015 -3--" .02 ----- .oo9o 

.ol22 -.oo20 -.02 -.03 -.0142 -.ol.23 

.a003 -a017 -.Ol -.Ol -ai37 -.0043 
-.Om. -ml6 -al 0 -.0054 -.cKl12 
-.0@4 -,@Jl5 ----I -111 --s-I A043 
-.0039 -ml5 ---- ---- .OOlO l 74 
-A082 -.0017 ---I --- .0032 .0117 

. 
l 

. . . . . 
. 

9w 
. . 

: . 
. . . . . . : 

I 
. . . 0 : . ..* . . . . . . . 

. l 
. 

::. . i 
. . . . . . . . 
. . . . . 

l . 
. . 

. 

. . 
l . . . . 
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TABLE Iv.- cmm 
(f) Teets h-6 tlvmugh 54 

CL CD ‘b ~1 by so chi ch, 

-0.179 o.cu3 0.0364 aGm3 0.03 0.09 o.ohc5 o.we.5 
-.cp .0$7 .oug -.oal5 .m .03 .ol.22 .#Ew 
-.m .a354 .oc62 -.a-c+ .ol A-2 40% .a0635 

.u?4 .0355 -A013 -.ca4 0 .Ol -.wog ax.67 

.* .m -x065 -.a05 -.OlO -.co% .sOl% 

.lla .o* -al62 -.a~6 -.ob -.a? -.01&f -.a68 

-.15+7 .044~ .0345 -.0013 .I0 .09 .a* .o* 
-.Oh3 .03m .ou.l .00?2 .03 .a? .ol63 .c& 
-:$a .;a& -.z ::a$ o.m 0 .cdl .ca5 

.ogJ+ :b367 -:w79, 

.llj .039l -.oa3 

426 .04j2 a272 -.ccc6 

-:$ 
.038 

-.w6 
-1.l.O -Ll -.034 
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Figure 3. - Details of control surfaces on fbe right wing 
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Rudder hinged ai 70% chord line 

6.60 

Figure 4. - Details of the VeriiCal tOif of the model. 
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figure 6.- Summary of aemdynun& dramcthtks of f/re bosh-whg 
ond modified-wing mode/s as funcfions of Mach number: 
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Figure // - The variation of the /o&a/ stubi?& &ur~~fe?Mks 
with angle of attack for the b&c- wing mode/ with 
ruddy and e/evens undeffected Reynolds number, 
32 miDion. 
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Figure /2.- Vuriohon of the rudder effectiveness chorocteristjcs 
with angle of oftack for the b&c- wing model wifh eievons 
undefiecfed. Rq/no/ds number , 3.2 mih’ion . 
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